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Introduction:

In an earlier report’, we presented resuits of modeling calculations for one
simple geometry that represents an experiment potentially to be performed at
Sandia National Laboratory, which is examining equation of state issues of
interest to the National Missile Defense Program. In the earlier report, we
showed snapshots of calculations with two different initial zone dimensions for
Gruneisen EOS and LEOS. We also showed pressure profiles at various locations
ut of the way of direct projectile impact, but hit by shrapnel
generated during impact. It was found that the pressure profiles exhibit strong
dependence on location, zone size, and equation of state. In this report we
examine the overall momentum impacted to the witness plate. This momentum
shows negligible dependence on the equation of state and some dependence on

zone size.

Geometry of the modeled test:

The test is the normal impact of an aluminum sphere 0.6cm in diameter
onto a silicate phenolic flat plate target 0.5cm thick at 7km/s initial projectile

velocity. An aluminum witness plate 0.42cm thick is placed out of the way of

direct projectile impact,
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by projectile impact. The witness plate is tilted by 45° with respect to the
projectile velocity vector. Its corner nearest the velocity vector is 1.3cm away

from the velocity vector through the projectile center, and 2cm away from the
back of the target.

Modeling:

Modeling is done with the ALE3D code. The modeling uses two
symmetry planes normal to each other, both containing the projectile velocity
vector. The model setup and two views in the symmetry planes are shown in
Figure 1. Zoning is initially uniform with 0.1cm resolution, but material weights

are used to concentrate zoning in the projectile and target.

Calculations were performed with two different sets of equations of state.

In the first set, all three materials are represented by Gruneisen equations of




state. The aluminum is taken to be 6061-T6 alloy; the silicate phenolic EOS is a
polynomial fit to the U,~U,, data at U, up to 8.2km/s. Steinberg Guinan
constitutive properties are used for the aluminum alloy and for the silicate
phenolic. A second set of calculations used the same constitutive properties, but
the equation of state for the projectile and target were tabular ones (LEQS),
developed at LLNL, that treat all phases of the material. We performed two

more calculations with an initially uniform zoning with 0.05cm resolution, i.e.,

eight times more zones. Angled views of the projectile, target, and witness plate

are shown at 14ps for all four calculations in Figure 2.

The witness plate momentum along all three axes for the two lower
resolution calculations is shown in Figure 3. There is virtually no dependence of
the momentum components on equation of state.

The witness plate momentum along all three axes for the two higher
resolution calculations is shown in Figure 4. Again, there is no dependence of

the momentum components on equation of state.

The witness plate momentum along all the three axes for the Gruneisen
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momentum components show some zoning dependence, but the dependence is

not large at this level of resolution.

Conclusions:

We have performed modeling calculations for a potential simple non-one
—dimensional experiment. An aluminum sphere normally impacts a silicate

phenolic plate, and a witness plate, located out of the way of direct projectile

impact, is hit by shrapnel generated durin g projectile impact. Calculations were

done with two sets of EOS: Gruneisen for all materials and LEOS for the
projectile and target and at two different resolution levels: initially uniform
zoning of 0.1cm and 0.05cm. In an earlier document, we reported strong
dependence of the calculated pressure profiles, at various locations in the witness

plate, on location, zone size, and equation of state. In this report, we show the




momentum imparted to the witness plate to be weakly dependent on zoning and
essentially independent of EOS. We expect lethality at the location of the witness
plate to be correlated with momentum imparted to it. For the case examined
here, we, therefore, expect the choice of Gruneisen versus LEOS to have little

impact on lethality.
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Figure 1: Geometry of the test modeling. The two symmetry planes are shown
in the bottom two pictures. Zoning is shown in three pictures.



Figure 2: View of the calculations near the end of the runs at 14us with zoning

indicated. Gruneisen EOS calculations are on the left, LEOS calculations on the
right.
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Figure 3: Momentum imparted to the witness plate along all three axes for the

initially 0.1cm resolution calculations.
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Figure 4: Momentum imparted to the witness plate along all three axes for the
initially 0.05c¢m resolution calculations.
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Figure 5: Momentum imparted to the witness plate along all three axes for the
Gruneisen EOS calculations.
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Figure 6: Momentum imparted to the witness plate along all three axes for the

LEOS calculations.
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